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ABSTRACT 

Experiments  on  annealing  of  CdGeAs2- , CdSnAs2-  and  ZnGePi-crystals  in  the  vapor  of 
volatile  constituents  were  carried  out.  Conductivity  and  Hall  effect  measurements  were  per- 
formed to  characterize  the  modification  of  electrical  properties,  caused  by  the  interaction  of 
the  crystal  with  the  gas  phase  during  annealing.  Literature  data  and  the  results  of  the  present 
work  are  discussed  based  on  the  results  of  a quasi-chemical  analysis.  This  yielded  that  the  re- 
sults of  annealing  depends  essentially  on  both  the  conditions  of  the  experiment  and  the  initial 
imperfection  of  the  crystal.  The  most  probable  native  structural  defects  becoming  apparent 
under  the  annealing  were  the  following:  for  CdSnAs2  - Snc*  Va,:  for  CdGeAs2  - VA, , Vc-d,  Cd,k, 
Gecd!  for  CdSiAs2  - SiAi,  VA, ; for  CdSiP2  - Vc<t,  VP;  for  ZnGeP2  - Znc*,  Ge^,,  Vzm  VP;  and  for  ZnSnP2 
- Znsn,  Snz,,,  Vzn,  Vp. 

INTRODUCTION 

There  is  great  interest  in  the  ternary  compounds  II-IV-V2  (especially  CdGeAs2  and 
ZnGeP2)  because  of  their  unique  properties,  among  them  their  use  as  NLO  converters  for  mid 
IR  range  radiation  [1,2].  The  widespread  practical  use  of  these  materials  is  limited  by  the 
presence  of  absorption  bands  in  their  transparency  range.  These  absorption  bands  are  linked  to 
deep  level  native  defects  [3-6],  For  successful  suppression  of  the  undesirable  influences  of 
these  defects  on  the  properties  of  the  material,  it  is  necessary  to  define  their  nature.  So  far 
there  have  not  been  solutions  of  this  task  acceptable  to  all.  Experiments  on  the  influence  of 
annealing  in  the  vapor  of  volatile  components  on  semiconductor  electrophysical  parameters 
may  be  rather  informative  in  this  respect.  In  this  work  research  of  such  kind  applied  to  n- 
CdSnAs2,  n-  and  p-CdGeAs2  and  p-ZnGeP2  was  fulfilled  by  the  method  of  "frozen  reactions". 

EXPERIMENTAL  RESULTS 

In  the  case  of  n-CdSnAs2  the  dependence  of  electron  concentrations  on  vapor  pressure  ap- 
pear as  curves  with  a minimum,  the  depth  and  position  of  which  on  the  time  axis  were  defined 
by  defect  parameters  of  the  initial  sample.  This  completely  agrees  with  [8],  As  it  was  re- 
ported in  [9,  10],  the  hole  concentration  increased  in  p-CdGeAs;  with  the  lapse  of  time  under 
annealing  in  As-vapor  and  went  to  saturation  at  a level  about  p ~ 1017  cm'1  under  annealing 
times  ~ 150  hours.  The  electron  concentration  increased  in  n-CdGeAs2  with  the  lapse  of  time 
under  annealing  in  Cd-vapor  and  went  to  saturation  at  a level  about  n ~ 10IK  cm'3  under  an- 
nealing times  ~ 100  hours  [9],  As  to  ZnGeP2,  it  was  reported  in  the  work  [11]  that  the  hole 
concentration  in  the  material  increased  with  increase  of  phosphorus  pressure  during  synthesis 
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of  the  compound.  According  to  data  of  other  works,  for  example,  [12-17],  annealing  in  phos- 
phorus vapor  reduces  the  hole  concentration  (down  to  p-n  conversion  of  the  conductivity 
type).  The  results  of  the  present  work  on  annealing  in  the  vapor  of  volatile  components  (satu- 
rated vapor  under  pure  Cd  or  As  at  the  temperature  of  the  annealing  for  CdGeAsj ) are  pre- 
sented in  Figures  1 - 4. 


Figure  1.  Dependence  of  concentration  (1,  2,  3)  and  mobility  ( 1 ’,  2’,  3’)  of  charge  carriers  in 
ZnGeP2  on  pressure  of  Zn;  Tanncaii„8,  K:  I- 1 173;  2-1223;  3-1273;  tan«.itmS,  hours:  1-110;  2-75;  3 
- 45;  a)  material  grown  from  stoichiometric  melt  under  increased  P-pressure;  b)  material 
grown  from  a melt  containing  excess  Zn 


Phosphorus  pressure,  atm 


Phosphorus  pressure,  atm 


a)  b) 

Figure  2.  Dependence  of  concentration  ( 1 ) and  mobility  (2)  of  charge  carriers  in  ZnGcPj  on 
pressure  of  phosphorus;  Tan„„ii„g  = 1 173  K;  tu„nc.ltin!.  = 1 00  hours;  a)  material  grown  from 
stoichiometric  melt  under  increased  P-pressurc;  b)  material  grown  from  a melt  containing  ex- 
cess Zn 
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a)  b) 

Figure  3.  Influence  of  annealing  in  As4  on  parameters  of  CdGeAsi",  empty  symbols  - tempera- 
ture dependence  of  initial  parameters  (n(h  p0 , it,,,  p»);  filled  symbols  - parameters  after  anneal- 
ing at  Tann  = 773  K;  square  - concentration,  circle  - specific  resistance,  triangle  - mobility;  a) 
n-type,  tann  =384  hours;  b)  p-type,  tam,i  =190  hours,  tann2  =384  hours 
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a)  b) 

Figure  4.  Influence  of  annealing  in  cadmium  (saturated  vapor  under  pure  Cd  at  773  K ) on 
electrophysical  parameters  of  CdGeAs,;  empty  symbols  - temperature  dependence  of  initial  pa- 
rameters (no,  po , po,  Po);  filled  symbols  - temperature  dependence  of  parameters  after  anneal- 
ing at  T=773  K;  square  - hole  concentration  , circle  - specific  resistance,  triangle  - hole  mobil- 
ity; a)  n-type,  tann  =190  hours;  b)  p-type,  tan„i  = 30  hours; , tann2  = 90  hours 


SCHEME  OF  QUASI-CHEMICAL  ANALYSIS 

The  processes  of  formation  and  interaction  of  point  defects  in  semiconductors  II-IV-Vj, 
and  also  the  processes  of  interaction  of  the  crystals  with  a gas  phase,  may  be  described  as  a 
system  of  quasi-chemical  reactions.  The  following  processes  were  taken  into  consideration. 
Formation  of  Schottky  defects  (The  Kroger  designations  [7]  are  used  here  and  further) 

0<->  v*2+V*4+2V£  (1) 


267 


Formation  of  Frenkel  defects 


(A2B4d|)X  <->8V*2  +8A2><  +^A2gB4C2 jX 

(a2B4C^)*  <^>8V*4  +8BfX+(A2Bt6d)X  (2) 

(A2B4d)X  <->5V*s+8cf  +(A2B4C2.6)X 


Formation  processes  of  disorder  defects  in  a common  form 

M*j  + V*  N <->  Mx;n  (3) 

Interaction  processes  of  crystals  with  a gas  phase  using  the  non-volatility  of  the  elements  B4 
(Si,  Ge  and  Sn)  approximation 

(a 2 B4C^ )X  8A2* (g)  + 25 / 4cf  (g)  + ( A2  5 B4<4 ,.8) )* 

2/4cf  (g)  <-»  2C^/  + V*,  + Vx4  (4) 

A2X(g)  A2;X  + V*4  +2VX? 

Applying  the  law  of  mass  action  to  the  quasi-chemical  reactions  and  solving  the  obtained  set  of 
equations  with  respect  to  concentration  of  a given  point  defect  under  a choice  of  vapor  pres- 
sure of  one  of  the  volatile  components  p 2 or  p s as  an  independent  variable  (for  tempera- 

A l 4 

tures  at  which  component  C5  exists  mainly  as  four-atom  molecules  in  a gas  phase)  yields  the 
following  expressions 


[N?]=Ku  (pc,)"'  and  [ Nf  ]=Ki2  (pA,  f , (5) 

where  [ N*  ] is  the  concentration  of  neutral  defects  of  i -type,  Kn.i  are  constants  at  a given 
temperature,  oq , Pi  are  constants  from  the  table  1 


Table  I.  Exponents  a,  or  P,  in  dependencies  of  concentrations  of  neutral  native  point  defects 
in  semiconductors  upon  pressure  of  volatile  components  pa2  or  pcs  respectively 


[N*] 

VA^ 

VB4 

Vc< 

Af* 

Bf 

.2  * 
Ab4 

.2  x 
Ac, 

b;/ 

CO 

> * 
X 

m 

m 

Oi 

1/2 

0 

-1/4 

-1/2 

0 

1/4 

-1/2 

-3/4 

-1/4 

1/2 

3/4 

1/4 

mm 

-1 

0 

1/2 

1 

0 

-1/2 

1 

3/2 

1/2 

-1 

-3/2 

-1/2 

Applying  the  law  of  mass  action  to  the  quasi-chemical  reactions  of  ionization  of  neutral  native 
point  defects  of  the  type 
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A*  o Aj  + h or  D*  <->  Dj  +e 


(6) 


yields  a set  of  equations 


VA2-P  = KrVA*2 

7.  A2 4 •p  = K7-A24X 

VB4.p  = KrV*4 

8.  A2;.p  = Ks-A2,X 

Vc,  n = Kr  V£ 

9.  B45  ’p  = K<r  B45X 

A2-n  = K4-A?X 

10.  B42  n = Kl0  B42X 

B4'  n = K5B4>< 

11.  C5a2  •n  = K11-C5A2X 

C?'p  = Kr,-Cf 

12.  C5B4  -n  = KirC5B4X 

(7) 


Adding  to  the  given  system  written  in  a common  form  as 

Al  p = K|-Aj<  or  Dj-n=Ki-Df, 
the  equation  for  equilibrium  concentration  of  electrons  and  holes 

n-p  = Km  , 

and  also  the  equation  of  an  electroneutrality 

VA2+VB4+Cf  + A24'  + A24  + B45  + n = Vc5+Af  + B4  + B42  + Ca2  +Cg4  +p  , 

and  solving  the  obtained  system  with  respect  to  concentration  of  free  charge  carriers  using 
data  from  table  I,  we  obtain  dependencies  of  free  electron  concentration  (free  hole  concentra- 
tion) upon  pressure  of  volatile  components,  such  as  (8)  and  (9). 

K3’pcf  + K4'pc5/2  + K5,+K10'pJ5!  +Kn'p^4  + K12  ’ P^?  + Ki4 
"k?'p|£  + K2"+K6"pg  + Kv”p-J/2  +K8"p^/4  + K9"p-y4  + 1 

where  K,'  = K,  ■ K, , K,"  = Kr  K,/  K,4 , K,  from  (5). 

is  »nl/2  , »/  " i i/  ” n -4- K-  " -V-\C  " 4-  K ^ 

„ Kl  Pc5+k-2  +K-6  Pc^+K-7  Pc5  +K-S  Pc5  +K-9  Pc5  +K-14 


n2  = 


(8) 


P K3'p^/4  + K4'p-y2  + K,'+K10'pg  + Kn'pg  +K12'pg  +K 
where  Kf  = Kr  Kj , Ki"  = K,  ■ K,  • K|4 , Ki  from  (5). 


(9) 


Analysis  of  the  obtained  dependencies  of  the  equilibrium  concentration  of  free  charge  carri- 
ers on  pressure  yields  the  following  conclusions: 

Increase  of  pressure  of  the  component  C5  in  a system  leads  to 

a)  increase  in  concentration  of  the  donors,  connected  with  disorder,  that  is  BA,  CA,  CB ; 
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b)  decrease  in  concentration  of  the  donors,  connected  with  vacancies  of  an  anion  and  intersti- 
tial cations,  that  is  V(  , Ai; 

c)  increase  in  concentration  of  acceptors,  connected  with  vacancies  in  the  cation  sublatticc  and 
interstitial  anions,  that  is  VA,  Q; 

d)  decrease  in  concentration  of  acceptors,  connected  with  disorder,  that  is  An,  A o,  Be. 
Therefore,  it  is  most  probable  that  the  experimentally  observed  (for  example,  from  measure- 
ments of  the  Hall  effect  on  samples  after  annealing  under  high  pressure  of  one  of  the  volatile 
constituents)  shift  of  carrier  concentration  in  the  direction  of  n-type  conductivity  with  a simul- 
taneous decrease  in  mobility  corresponds  to  the  situation  a);  the  experimentally  observed  shift 
of  carrier  concentration  in  the  direction  of  p-type  conductivity  with  a simultaneous  increase  in 
mobility  corresponds  to  the  situation  b);  the  shift  in  carrier  concentration  in  the  direction  of  p- 
type  with  a simultaneous  decrease  of  mobility  corresponds  to  the  situation  c);  the  shift  in  car- 
rier concentration  in  the  direction  of  n-type  with  a simultaneous  increase  of  mobility  corre- 
sponds to  the  situation  d).  Designating  by  T,  the  increase  in  defect  concentration  and  by  i , 
the  decrease  in  defect  concentration,  the  results  of  the  analysis  may  be  presented  as  the  follow- 
ing schemes: 

Table  II.  The  scheme  of  the  correspondence  of  experimentally  observed  shift  of  charge  carri- 
ers concentration  and  mobility  (a  case  of  primary  ion  scattering)  to  a change  of  concentration 
of  native  structural  defects  after  annealing  under  high  pressure  of  C'  or  A" 


SSISlH 

Observation 

Possible  cause 

Concrete  definition 

c5 

n T p i p t 

Ai 

Ar  si,  Ac  xt , Be  -1 

c5 

n t p -l  p i 

Dt 

baT,caT.c„T 

c' 

n i p T p t 

Di 

Vo  i , Ai  i 

C' 

n 1 p T pi 

At 

VAt,Cit 

A2 

n T p i p T 

Ai 

VA  i , Ci  i 

A2 

n T p -l  p i 

Dt 

Vo  T,  Ait 

A2 

n i p t p T 

Di 

BA  i , CA  i , Cb  i 

A- 

n i p T pi 

At 

A[,  T,  AoT.BoT 

QUASI-CHEMICAL  ANALYSIS  OF  EXPERIMENTAL  DATA 

The  results  of  a change  in  electrophysical  parameters  under  the  heat  treatment  of  some  II- 
IV-Vi  crystals  in  the  vapor  of  volatile  constituents,  obtained  in  the  present  work  and  taken 
from  the  literature,  are  analyzed  by  correlating  the  experimentally  observed  shift  of  charge  car- 
rier concentration  and  mobility  (a  case  of  primary  ion  scattering)  to  a change  of  concentration 
in  native  structural  defects  after  annealing  under  high  pressure  of  C'  or  A:  from  table  III.  The 
results  of  the  analysis  are  given  in  tables  III  and  IV. 

For  CdSnAs;  the  presence  of  two  types  of  donors  results  from  the  existence  of  two  time- 
stages  of  annealing  in  vapor  of  the  both  volatile  components.  The  first  annealing  time-stage  of 
n-CdSnAsi  (decrease  of  electron  concentration  with  sharp  increase  of  electron  mobility  during 
annealing  in  As-vapor)  is  defined  as  a fast  processes,  (for  instance,  corresponding  to  the  equa- 
tions 3,  4 of  system  (7))  and  connected  mainly  with  the  decrease  in  concentration  of  donor  va- 
cancies [VAl],  The  second  stage  changes  (increase  of  electron  concentration  during  annealing 
in  As-vapor)  are  affected  by  competitive  slower  processes  (for  instance,  corresponding  to  the 
equations  10  - 12  of  system  (7)),  connected  with  modifications  of  disorder  defect  concentra- 
tion. Under  annealing  in  Cd-vapor  the  stages  traded  places. 
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Literature  data  and  the  results  of  the  present  work  concerning  ZnGeP2  testify  that  the  con- 
ditions of  the  chemical  and  thermal  history  of  ZnGeP2  crystals  (chemical  composition  of  a 
melt,  composition  and  pressure  in  a growth  technological  system  etc.)  have  much  influence  on 
concentrations  of  native  structural  defects  and,  because  of  that,  on  properties  and  behavior  of 
ZnGePj  under  further  treatments.  As  follows  from  figures  1 , 2 and  from  the  analysis  the  crys- 
tals ZnGeP2  with  different  “previous  history”  have  a different  ensemble  of  native  structural  de- 
fects and  react  differently  on  an  annealing  in  vapor  of  volatile  components. 

For  ZnGeP2  ,the  presence  of  both  vacancies  (in  the  present  work  for  ZnGeP2  < P>,  when  [VP], 
probably  less  than  equilibrium  concentration  for  conditions  of  annealing  in  Zn-vapor)  and  dis- 
order defects  in  the  cation  sublattice  (in  the  present  work  for  ZnGeP2  < Zn>)  were  observed. 

For  CdGeAs2  the  presence  of  at  least  two  native  acceptors  has  been  observed  in  experi- 
ments utilizing  radiation  damage,  magnetic  resonance  and  thermal  admittance  spectroscopy 
[20],  As  follows  from  Figures  3,  4 the  annealing  of  n-CdGeAs2 , in  both  As  atmosphere  and  Cd 
atmosphere,  yielded  a diminution  of  electron  concentration.  In  the  first  case  it  was  accompa- 
nied by  a diminution  of  mobility  (p),  in  the  second  case  it  was  accompanied  by  magnification 
of  p.  In  the  approximation  of  the  scheme  used  in  table  I,  it  corresponds  to  1)  magnification  of 
concentration  Vcd  (and,  probably.  As,),  2)  diminution  of  concentration  of  disorder  defects 
such  as  GeCt|.  We  note  that  annealing  in  Cd  vapor,  carried  out  by  the  authors  of  work  [9],  on 
n-CdGeAs2  at  T,mneill  =400  °C,  led  to  (from  ~2-1016  cm  ’ to  ~81017  cm  '')  the  increase  in  the 
electron  concentration.  Probably,  the  less  than  100  °C  annealing  temperature  in  experiment 

[9]  was  the  reason  for  the  smaller  activity  of  disorder  defects.  The  annealing  processes  were 
defined  by  an  extreme  modification  of  the  concentration  of  vacancies  and  led  to  a sharp  in- 
crease in  electron  concentration  due  to  a lack  of  a competing  process,  giving  an  opposite  out- 
come. In  the  annealing  of  p-CdGeAs2,  a simultaneous  course  of  several  competing  processes 
is  also  observed.  The  initial  annealing  stage  (30  hours  in  As4  vapour)  gave  p-n  conversion  of 
conductivity  of  samples  under  study  (from  p -7-1015  cm'3 , p~290  cm2/V-s  to  n ~ 8- 1 015  cm'3, 
p-2800  cm2/V'S  at  T mea5  ~ 290  K ,and  n ~ 5- 1 0i5  cm'3,  u-3900  cm2/V-s  at  T meas  ~ 95  K).  Us- 
ing the  same  approximations  as  in  table  I,  the  concentration  of  disorder  defects  (Cd<ic  -l,  GeCd 
T)  increases,  or  it  is  explained  by  uncontrollable  doping  of  the  samples  (for  example,  by  02). 
The  outcomes  of  long  annealing  of  p-CdGeAs2  in  As4  are  presented  in  figure  3 b).  The  in- 
crease in  hole  concentration  with  respective  change  in  mobility  corresponds  to  a stage  of  190 
hours  of  annealing.  It  can  be  described  by  the  increase  of  [Vai]  and  the  decrease  of  [VAJ.  The 
stage  of  384  hours  is  characterized  by  an  outcome  (p  -l,  p i).  That  can  mean  a prevalence  of 
the  first  process  (Gec,i  T).  Similar  experiments  on  annealing  of  p-CdGeAs2  in  As4  vapor  were 
carried  out  by  the  authors  [9,  10],  In  this  case  the  annealing  temperature  differed  less  (450  °C 

[10]  and  520  °C  [9]).  However,  the  influence  of  the  process,  defined  by  disorder  defects, 
which  were  observed  in  the  work  [9,  10]  are  lacking.  Probably,  it  is  possible  to  assume,  that  in 
this  case  the  initial  imperfection  of  samples  under  study  plays  a key  role.  A different  imperfec- 
tion caused  different  routes  and  different  times,  necessary  for  reaching  an  equilibrium  condi- 
tion. From  an  analysis  of  the  observed  modifications  of  electrophysical  parameters,  associ- 
ated with  annealing  of  p-CdGeAs2  in  Cd,  we  can  approximate  the  influence  of  processes  con- 
nected with  disorder  defects  as  follows.  Such  processes  as  AB  T,  Ac  T , Be  T and  BA  i , CA  i- 

, Cb  -L  play  a defining  role.  Thus,  after  annealing  of  n-  and  p-CdGeAs2  under  high  pressure  of 
the  volatile  components,  we  observed  the  influence  of  such  native  defects  as  VCd,  VAs,  CdGe, 
Geca.  We  note  that  annealing  in  the  vapor  of  the  element  A2  (Cd)  was  difficult  because  of  the 
high  chemical  activity  of  the  element  A2  in  relation  to  a surface  of  crystals  A2B4C5;2 . This 
caused  formation  of  surface  layers  of  a different  chemical  nature. 
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Table  III.  The  results  of  the  quasi-chemical  analysis  of  experimental  data  of  the  present  work 
and  also  literary  data  on  annealing  in  vapour  of  volatile  components  for  some  ll-IV-Vi 
(The  data  of  the  present  work  arc  marked  by  an  asterisk) 


Compound 

Observed  change 

Responsible  native  defects 

CdSnAs> 

mm 

1)  n 4 p T p T [8].[*] 

Vc  4 , A|  4 

2)  n t p 4 p 4 [8],[*] 

BAt,cAt,cBt 

B9 

1)  n -l  p T p t [8],[*] 

ba  4 , cA  4 , Cb  4 

■91 

2)  n t p 4 p 4 [8],[*] 

Vet,  Ait 

CdGeAs2 

c5 

1 ) n 4 pt  p t [ 1 0,  9],[*] 

Vc  4 , Ai  4 

c5 

2)  n 4 p t |t  4 [*] 

vA  T , Ci  T 

c5 

3)  n t p 1 |i  ? [*] 

An  4.  Ac  4 , B(  4 
Ba  t , CA  t , CB  t 

A2 

1)  n t p 4 p ? [10],  [*] 

Vc  t , Ai  T or  Va4,  C|4 

A2 

2)  n J,  p T p t [*] 

ba  4 , CA  4 . Cb  4 

A2 

3)  n 4 p t p 4 [*] 

An  T,  Act,  Bet 

CdSiAs2 

warn 

I)n4ptpt[ll,l8] 

Vo  4,  Ai  4 

mm 

2)  n t p 4 p t [1 1] 

An  4,  Ac  4 , Be  4 

mm 

1 ) n t p 4 p 4 [ 1 1 , 1 8] 

Vc  t , A,  t 

■91 

2)  n 4- r>  T u 4.  [1 1] 

Ant,  Act,  Bet 

mmm 

C' 

Vc  t.  A,  t,  vA  4,  c 4 

ZnGePi 

c* 

n4ptp?  [11] 

vr  t,  Ai  t,  vA  4,  Ci  4 

A2 

n4ptpt  [12] 

BA  4 , CA  4 , Cn  4 

c- 

n t p 4 p t [12] 

An  4,  Ac  4 , Be  4 

A2 

n 4-  p T p ? [13-17] 

disorder  defects 

C? 

n T p 4-  p ? [13-17] 

disorder  defects 

ZnGePi<P> 

A2 

n T p 4-  p 4-  [*] 

Vc- 1 , A,  t 

C5 

n 4 p T p T [*] 

Vr  4 , A,  4 

ZnGeP2<Zn> 

A2 

n 4 p T p 4 [*] 

A„  t.  Act,  Brt 

c- 

n T p 4 p t [*] 

An  4,  Ac  4 , Be  4 

ZnSnP: 

mm 

1)  n 4 p T p T [19] 

ba  4 , CA  4 , Cn  4 

2)  n T p 4 p 4 [19] 

Vet  , Ai  t 

c- 

1 ) n T p 4 p t [ 1 9] 

An  4,  Ac  4 , Be  4 

C- 

2)  n 4 p t p 4 [19] 

VA  t , G t 

Table  IV.  The  most  probable  native  structural  defects  in  some  A2B4CS;2  exhibited  under  heat 
treatment  in  vapor  of  volatile  constituents  and  satisfying  to  the  Humc-Rothery  criterion 


MHUffll 

ZnSnP2 

Defects 

Snc-d,  VA, 

Vas,  Vc* 

Cd(ie«  Gc(  d 

SiAs.  vA, 

Vc-H,  Vp 

Zri(iL.,  Gc/n« 

Vz„,  V{. 
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CONCLUSIONS 


1.  Experiments  on  annealing  of  CdGeAs2-,  CdSnAs2-  and  ZnGeP2-crystals  in  the  vapor  of 
volatile  constituents  were  carried  out.  Conductivity  and  Hall  effect  measurements  were  per- 
formed to  characterize  the  modification  of  electrical  properties,  caused  by  interaction  of  the 
crystal  with  the  gas  phase  during  the  annealing. 

2.  A scheme  for  correlating  the  experimentally  observed  shifts  of  charge  carrier  concentration 
and  mobility  (a  case  of  primary  ion  scattering)  to  a change  in  concentration  of  native  structural 
defects  after  annealing  under  high  pressure  of  C5  or  A2,  based  on  quasi-chemical  analyses  was 
presented. 

3.  The  literature  data  and  results  of  the  present  work  on  the  annealing  were  discussed  based 
on  the  results  of  a quasi-chemical  analysis. 

4.  It  was  noted  that  the  outcomes  of  the  annealing  essentially  depend  on  both  the  initial  im- 
perfections of  the  crystal  and  the  conditions  of  the  experiment  as  they  define  the  route  and 
time  of  reaching  an  equilibrium.. 

5.  For  some  II-IV-V2  the  most  probable  native  structural  defects  becoming  apparent  under 
heat  treatment  in  the  vapor  of  volatile  constituents  and  satisfying  to  the  Hume-Rothery  crite- 
rion were  the  following:  For  CdSnAs,  - Sncd,  Va,;  for  CdGeAs2  - VA, , Vo,  Cdo,  Gecd;  for  CdSiAs2 
- SiA„,  VA, ; for  CdSiP2  - VCci,  VP;  for  ZnGeP2  - Znc,  Gez,,,  V7„  VP;  for  ZnSnP2-  Zns„,  Snz„,  V?J,,  VP.- 
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